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Description 

This invention relates to thermal transfer printing and, in particular, to a thermal transfer printing receiver sheet for 
use with an associated donor sheet. 

5 Currently available thermal transfer printing (TTP) techniques generally involve the generation of an image on a 

receiver sheet by thermal transfer of an imaging medium from an associated donor sheet. The donor sheet typically 
comprises a supporting substrate of paper, synthetic paper or a polymeric film material coated with a transfer layer com- 
prising a sublimable dye incorporated in an ink medium usually comprising a wax and/or a polymeric resin binder. The 
associated receiver sheet usually comprises a supporting substrate, of a similar material, preferably having on a sur- 

10 face thereof a dye-receptive, polymeric receiving layer. When an assembly, comprising a donor and a receiver sheet 
positioned with the respective transfer and receiving layers in contact, is selectively heated in a patterned area derived, 
for example from an information signal, such as a television signal, dye is transferred from the donor sheet to the dye- 
receptive layer of the receiver sheet to form therein a monochrome image of the specified pattern. By repeating the 
process with different monochrome dyes, usually cyan, magenta and yellow, a full coloured image is produced on the 

15 receiver sheet. Image production, therefore depends on dye diffusion by thermal transfer. 

Although the intense, localised heating required to effect development of a sharp image may be applied by various 
techniques, including laser beam imaging, a convenient and widely employed technique of thermal printing involves a 
thermal print-head, for example, of the dot matrix variety in which each dot is represented by an independent heating 
element (electronically controlled, if desired). 

20 Available TTP print equipment has been observed to yield defective imaged receiver sheets comprising inade- 
quately printed spots of relatively low optical density which detract from the appearance and acceptability of the result- 
ant print. These small defective areas, conveniently referred to as micro-dots, are believed to result from poor 
conformation of the donor sheet to the print-head at the time of printing. The quality of the print is also affected by the 
gloss and whiteness of the receiver sheet. Improved quality prints could be achieved by using very white receiver 

25 sheets, which would provide a background to enhance the printed colours. 

There can be difficulties in achieving adequate adhesion of the receiving layer to the substrate. Adhesion can be 
achieved, for example when employing thermoplastic polymeric materials, by coextrusion of the respective film-forming 
layers. However, coextrusion is a relatively complex technology, and there is a limit to the types of receiving layers that 
can be suitably coextruded. Alternatively, adhesion can be achieved by pretreating the substrate, eg by etching with 

30 suitable organic solvents, prior to coating the receiving layer. The aforementioned organic solvent treatments can be 
considered to be undesirable due to the evolution of flammable and/or toxic vapours. 

EP-0466336-A is directed to a TTP receiver sheet having, in order, a substrate/opaque intermediate layer/receiv- 
ing layer. Both the substrate and intermediate layer are preferably polyethylene terephthalate, produced by co-extrusion 
of the respective layers. 

35 EP-04291 79-A is directed to a coated polymeric film. The coating is formed from a specific acrylic copolymer con- 
taining 35 to 40 mole % alkyl acrylate, 35 to 40 mole % alkyl methacrylate, 10 to 15 mole % of a monomer containing 
a free carboxyl group, and 1 5 to 20 mole % of an aromatic sulphonic acid and/or a salt thereof. The coated film exhibits 
improved adhesion to gelatin and cellulose acetate butyrate lacquer. 

We have now devised a receiver sheet for use in a TTP process which reduces or substantially eliminates at least 
40 one or more of the aforementioned problems. 

Accordingly, the present invention provides a thermal transfer printing receiver sheet for use in association with a 
compatible donor sheet, the receiver sheet comprising an opaque synthetic linear polyester supporting substrate hav- 
ing a deformation index, at a temperature of 200°C and under a pressure of 2 megaPascals, of at least 4.0%, the sub- 
strate having, on a surface thereof, an adherent layer comprising an acrylic resin and having a coat weight within the 
45 range from 0.05 to 10 mg.dm" 2 , the adherent layer having, on a surface thereof remote from the substrate, a dye-recep- 
tive receiving layer to receive a dye thermally transferred from the donor sheet. 

The invention also provides a method of producing a thermal transfer printing receiver sheet for use in association 
with a compatible donor sheet, which comprises forming an opaque synthetic linear polyester supporting substrate hav- 
ing a deformation index, at a temperature of 200°C and under a pressure of 2 megaPascals, of at least 4.0%, coating 
so on a surface of the substrate, an adherent layer coating composition comprising an aqueous dispersion of an acrylic 
resin, and providing on a surface of the adherent layer remote from the substrate, a dye-receptive receiving layer to 
receive a dye thermally transferred from the donor sheet. 

In the context of the invention the following terms are to be understood as having the meanings hereto assigned: 

55 sheet : includes not only a single, individual sheet, but also a continuous web or ribbon-like structure 

capable of being sub-divided into a plurality of individual sheets, 
compatible : in relation to a donor sheet, indicates that the donor sheet is impregnated with a dyestuff which 

is capable of migrating, under the influence of heat, into, and forming an image in, the receiving 
layer of a receiver sheet placed in contact therewith. 
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opaque : means that the substrate of the receiver sheet is substantially impermeable to visible light. 

voided : indicates that the substrate of the receiver sheet preferably comprises a cellular structure con- 

taining at least a proportion of discrete, closed cells. 

film : is a self-supporting structure capable of independent existence in the absence of a supporting 

s base. 

deformation index : is the deformation, expressed as a percentage of the original thickness of the substrate sheet, 
observed when the substrate sheet is subjected, at a temperature of 200°C, to a pressure of 2 
megaPascals applied normal to the plane of the sheet by the hereinafter described test procedure 
(calculating the average value of five measurements). 

10 

The aforementioned deformation index test procedure is designed to provide conditions approximately equivalent 
to those encountered by a receiver sheet at the thermal print-head during a TTP operation. The test equipment com- 
prises a thermomechanical analyser, Perkin Elmer, type TMA7, with a test probe having a surface area of 0.785 mm 2 . 
A sample of the substrate, for example - a biaxially oriented polyethylene terephthalate film of 1 75 jmm thickness, is 

15 introduced in a sample holder into the TMA7 furnace and allowed to equilibrate at the selected temperature of 200°C. 
The probe is loaded to apply a pressure of 0. 1 25 megaPascals normal to the planar surface of the hot film sample and 
the deformation is observed to be zero. The load on the probe is then increased whereby a pressure of 2 megaPascals 
is applied to the sample. The observed displacement of the probe under the increased load is recorded and expressed 
as a percentage of the thickness of the undeformed hot sample (under 0. 1 25 megaPascals pressure). That percentage 

20 is the Deformation Index (Dl) of the tested substrate material. The procedure is repeated four times with different sam- 
ples of the same film, and an average value of five measurements is calculated. 

The substrate of a receiver sheet according to the invention may be formed from any synthetic linear polyester, 
which may be obtained by condensing one or more dicarboxylic acids or their lower alkyl (up to 6 carbon atoms) 
diesters, eg terephthalic acid, isophthalic acid, phthalic acid, 2,5-, 2,6- or 2,7- naphthalenedicarboxylic acid, succinic 

25 acid, sebacic acid, adipic acid, azelaic acid, 4,4 ? - diphenyldicarboxylic acid, hexahydro-terephthalic acid or 1,2-bis-p- 
carboxyphenoxyethane (optionally with a monocarboxylic acid, such as pivalic acid) with one or more glycols, eg ethyl- 
ene glycol, 1,3-propanediol, 1,4-butanediol, neopentyl glycol and 1,4-cyclohexanedimethanol. A polyethylene tereph- 
thalate or polyethylene naphthalate film is preferred. A polyethylene terephthalate film is particularly preferred, 
especially such a film which has been biaxially oriented by sequential stretching in two mutually perpendicular direc- 

30 tions, typically at a temperature in the range 70 to 1 25°C, and preferably heat set, typically at a temperature in the range 
150 to 250°C, for example - as described in British patent 838,708. 

A film substrate for a receiver sheet according to the invention may be uniaxially oriented, but is preferably biaxially 
oriented by drawing in two mutually perpendicular directions in the plane of the film to achieve a satisfactory combina- 
tion of mechanical and physical properties. Formation of the film may be effected by any process known in the art for 

35 producing an oriented polymeric film - for example, a tubular or flat film process. 

In a tubular process simultaneous biaxial orientation may be effected by extruding a thermoplastics polymeric tube 
which is subsequently quenched, reheated and then expanded by internal gas pressure to induce transverse orienta- 
tion, and withdrawn at a rate which will induce longitudinal orientation. 

In the preferred flat film process a film-forming polymer is extruded through a slot die and rapidly quenched upon a 

40 chilled casting drum to ensure that the polymer is quenched to the amorphous state. Orientation is then effected by 
stretching the quenched extrudate in at least one direction at a temperature above the glass transition temperature of 
the polymer. Sequential orientation may be effected by stretching a flat, quenched extrudate firstly in one direction, usu- 
ally the longitudinal direction, ie the forward direction through the film stretching machine, and then in the transverse 
direction. Forward stretching of the extrudate is conveniently effected over a set of rotating rolls or between two pairs of 

45 nip rolls, transverse stretching then being effected in a stenter apparatus. Stretching is effected to an extent determined 
by the nature of the film-forming polymer, for example - a polyester is usually stretched so that the dimension of the ori- 
ented polyester film is from 2.5 to 4.5 times its original dimension in the, or each direction of stretching. 

A stretched film may be, and preferably is, dimensionally stabilised by heat-setting under dimensional restraint at a 
temperature above the glass transition temperature of the film-forming polymer but below the melting temperature 

so thereof, to induce crystallisation of the polymer. 

A film substrate for a receiver sheet according to the invention exhibits a Deformation Index (Dl), as hereinbefore 
defined, of at least 4.0%. Elastic recovery of the deformed substrate is of importance in the production of TTP images 
of sharp definition and good contrast, and a preferred substrate exhibits a Dl of not greater than about 50%. Preferably 
a receiver substrate exhibits a Dl within a range of from 4.5% to 30%, and especially from 5% to 20%. Particularly desir- 

55 able performance is observed with a Dl of from 6% to 1 0%. 

The required Dl is conveniently achieved by incorporation into the substrate polymer of an effective amount of a 
dispersible polymeric softening agent. For example, the Dl of a polyethylene terephthalate substrate may be adjusted 
to the required value by incorporation therein of an olefin polymer, such as a low or high density homopolymer, partic- 
ularly polyethylene, polypropylene or poly-4-methylpentene-1 , an olefin copolymer, particularly an ethylene-propylene 
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copolymer, or a mixture of two or more thereof. Random, block or graft copolymers may be employed. Polypropylene is 
a particularly preferred polymeric softening agent. 

Dispersibility of the aforementioned olefin polymer in a polyethylene terephthalate substrate may be inadequate to 
confer the desired characteristics. Preferably, therefore a dispersing agent is incorporated together with the olefin poly- 
5 mer softening agent. The dispersing agent conveniently comprises a grafted polyolefin copolymer or preferably a car- 
boxylated polyolefin, particularly a carboxylated polyethylene. 

The carboxylated polyolefin is conveniently prepared by the oxidation of an olefin homopolymer (preferably an eth- 
ylene homopolymer) to introduce carboxyl groups onto the polyolefin chain. Alternatively the carboxylated polyolefin 
may be prepared by copolymerising an olefin (preferably ethylene) with an olefinically unsaturated acid or anhydride, 
10 such as acrylic acid, maleic acid or maleic anhydride. The carboxylated polyolefin may, if desired, be partially neutral- 
ised. Suitable carboxylated polyolefins include those having a Brookfield Viscosity (140°C) in the range 0.15-100 Pa.s 
(150-100000 cps) (preferably 0.15-50 Pa.s (150-50000 cps)) and an Acid Number in the range 5-200 mg KOH/g (pref- 
erably 5-50 mg KOH/g), the Acid Number being the number of mg of KOH required to neutralise 1 g of polymer. 

The amount of dispersing agent may be selected to provide the required degree of dispersibility, but conveniently 
15 is within a range of from 0.05 to 50%, preferably from 0.5 to 20%, by weight of the olefin polymer softening agent. 

An alternative polymeric softening agent, which may not require the presence of a polymeric dispersing agent, 
comprises a polymeric elastomer. Suitable polymeric elastomers include polyester elastomers such as a block copoly- 
mer of n-butyl terephthalate with tetramethylene glycol or a block copolymer of n-butyl terephthalate hard segment with 
an ethylene oxide-propylene oxide soft segment. Such polyester elastomeric block copolymers are particularly suitable 
20 for inclusion in an opaque substrate of the kind herein described. 

The amount of incorporated polymeric softening agent is preferably within a range of from 0.5% to 50%, more pref- 
erably from 2.0% to 30%, particularly from 4% to 20%, and especially from 8% to 14% by weight of the total amount of 
polymeric material in the substrate. 

The substrate according to the invention is opaque, preferably exhibiting a Transmission Optical Density (Sakura 
25 Densitometer; type PDA 65; transmission mode) of from 0.75 to 1 .75, more preferably of from 0.8 to 1 .4, particularly of 
from 0.85 to 1 .2, and especially of from 0.9 to 1 .1 . 

The polymeric softening agent preferably also functions as a voiding agent generating an opaque, voided substrate 
structure during any stretching operation employed in the production of the film. However, in a preferred embodiment of 
the invention the substrate comprises a polymeric softening agent and an additional opacifying agent, such as a partic- 
30 ulate inorganic filler. 

Particulate inorganic fillers suitable for generating an opaque substrate include conventional inorganic pigments 
and fillers, and particularly metal or metalloid oxides, such as alumina, silica and titania, and alkaline metal salts, such 
as the carbonates and sulphates of calcium and barium. 

The particulate inorganic fillers may be of the voiding and/or non-voiding type. Suitable inorganic fillers may be 

35 homogeneous and consist essentially of a single filler material or compound, such as titanium dioxide or barium sul- 
phate alone. Alternatively, at least a proportion of the filler may be heterogeneous, the primary filler material being asso- 
ciated with an additional modifying component. For example, the primary filler particle may be treated with a surface 
modifier, such as a pigment, soap, surfactant coupling agent or other modifier to promote or alter the degree to which 
the filler is compatible with the substrate polymer. 

40 Titanium dioxide is a particularly preferred particulate inorganic filler. 

Production of a substrate having satisfactory degrees of opacity, and preferably whiteness requires that the inor- 
ganic filler, particularly of titanium dioxide, should be finely-divided, and the average particle size thereof is desirably 
from 0.01 to 10 jiim. Preferably, the filler has an average particle size of from 0.05 to 5 juun, more preferably of from 0.1 
to 1 Jim, and particularly of from 0.15 to 0.3 jum. 

45 Particle sizes may be measured by electron microscope, coulter counter or sedimentation analysis and the average 
particle size may be determined by plotting a cumulative distribution curve representing the percentage of particles 
below chosen particle sizes. 

It is preferred that none of the filler particles incorporated into the film substrate according to this invention should 
have an actual particle size exceeding 30 jum. Particles exceeding such a size may be removed by sieving processes 
so which are known in the art. However, sieving operations are not always totally successful in eliminating all particles 
greater than a chosen size. In practice, therefore, the size of 99.9% by number of the particles should not exceed 30 
nm. Most preferably the size of 99.9% of the particles should not exceed 20 jmm. 

The amount of inorganic filler, particularly of titanium dioxide, incorporated into the substrate desirably should be 
not less than 0.2% nor exceed 25% by weight, based on the weight of the substrate polymer. Particularly satisfactory 
55 levels of opacity are achieved when the concentration of filler is from about 0.5% to 1 0%, and especially from 1 % to 4%, 
by weight, based on the weight of the total amount of polymeric material in the substrate. 

In a preferred embodiment of the invention, the substrate comprises from 8% to 14% by weight of polypropylene 
and from 1% to 4% by weight of titanium dioxide, both based on the weight of the total amount of polymeric material in 
the substrate. 
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Incorporation of the polymeric softening agent and particulate inorganic filler into the polymer substrate may be 
effected by conventional techniques - for example, by mixing with the monomeric reactants from which the polymer is 
derived, or by dry blending with the polymer in granular or chip form prior to formation of a film therefrom. 

Other additives, generally in relatively small quantities, may optionally be incorporated into the film substrate. For 
5 example, optical brighteners in amounts up to 1500 parts per million to promote whiteness, and dyestuffs in amounts 
of up to 10 parts per million to modify colour, the specified concentrations being by weight, based on the weight of the 
substrate polymer. 

Thickness of the substrate may vary depending on the envisaged application of the receiver sheet but, in general, 
will not exceed 250 jmm, will preferably be in a range from 50 to 190 jum, and more preferably be in a range from 150 to 
w 175|xm. 

By "acrylic resin" is meant a resin which comprises at least one acrylic and/or methacrylic component. 
The acrylic resin component of the adherent layer of a receiver sheet according to the invention is preferably ther- 
moset and preferably comprises at least one monomer derived from an ester of acrylic acid and/or an ester of meth- 
acrylic acid, and/or derivatives thereof. In a preferred embodiment of the invention, the acrylic resin comprises from 50 

15 to 100 mole %, more preferably from 70 to 100 mole %, especially from 80 to 100 mole %, and particularly from 85 to 
98 mole % of at least one monomer derived from an ester of acrylic acid and/or an ester of methacrylic acid, and/or 
derivatives thereof. A preferred acrylic resin for use in the present invention preferably comprises an alkyl ester of 
acrylic and/or methacrylic acid where the alkyl group contains up to ten carbon atoms such as methyl, ethyl, n-propyl, 
isopropyl, n-butyl, isobutyl, terbutyl, hexyl, 2-ethylhexyl, heptyl, and n-octyl. Polymers derived from an alkyl acrylate, for 

20 example ethyl acrylate and butyl acrylate, together with an alkyl methacrylate are preferred. Polymers comprising ethyl 
acrylate and methyl methacrylate are particularly preferred. The acrylate monomer is preferably present in the acrylic 
resin in a proportion in the range 30 to 65 mole %, and the methacrylate monomer is preferably present in a proportion 
in the range of 20 to 60 mole %. 

Other monomers which are suitable for use in the preparation of the acrylic resin of the adherent layer, which may 

25 be preferably copolymerised as optional additional monomers together with esters of acrylic acid and/or methacrylic 
acid, and/or derivatives thereof, include acrylonitrile, methacrylonitrile, halo-substituted acrylonitrile, halo-substituted 
methacrylonitrile, acrylamide, methacrylamide, N-methylol acrylamide, N-ethanol acrylamide, N-propanol acrylamide, 
N-methacrylamide, N-ethanol methacrylamide, N-methyl acrylamide, N-tertiary butyl acrylamide, hydroxyethyl meth- 
acrylate, glycidyl acrylate, glycidyl methacrylate, dimethylamino ethyl methacrylate, itaconic acid, itaconic anhdyride 

30 and half esters of itaconic acid. 

Other optional monomers of the acrylic resin adherent layer polymer include vinyl esters such as vinyl acetate, vinyl 
chloracetate and vinyl benzoate, vinyl pyridine, vinyl chloride, vinylidene chloride, maleic acid, maleic anhydride, sty- 
rene and derivatives of styrene such as chloro styrene, hydroxy styrene and alkylated styrenes, wherein the alkyl group 
contains from one to ten carbon atoms. 

35 A preferred acrylic resin, derived from 3 monomers comprises 35 to 60 mole % of ethyl acrylate/ 30 to 55 mole % 
of methyl methacrylate/2-20 mole % of methacrylamide, and especially comprising approximate molar proportions 
46/46/8% respectively of ethyl aery late/methyl methacrylate/acryl amide or methacrylamide, the latter polymer being 
particularly effective when thermoset - for example, in the presence of about 25 weight % of a methylated melamine- 
formaldehyde resin. 

40 A preferred acrylic resin, derived from 4 monomers comprises a copolymer comprising comonomers (a) 35 to 40 
mole % alkyl acrylate, (b) 35 to 40 mole % alkyl methacrylate, (c) 10 to 15 mole % of a monomer containing a free car- 
boxyl group, and (d) 15 to 20 mole % of a sulphonic acid and/or a salt thereof. Ethyl acrylate is a particularly preferred 
monomer (a) and methyl methacrylate is a particularly preferred monomer (b). Monomer (c) containing a free carboxyl 
group ie a carboxyl group other than those involved in any polymerisation reaction by which the copolymer may be 

45 formed, suitably comprises a copolymerisable unsaturated carboxyl ic acid, and is preferably selected from acrylic acid, 
methacrylic acid, maleic acid, and/or itaconic acid; with acrylic acid and itaconic acid being particularly preferred. The 
sulphonic acid monomer (d) may be present as the free acid and/or a salt thereof, for example as the ammonium, sub- 
stituted ammonium, or an alkali metal, such as lithium, sodium or potassium, salt. The sulphonate group does not par- 
ticipate in the polymerisation reaction by which the adherent copolymer resin is formed. The sulphonic acid monomer 

so preferably contains an aromatic group, and more preferaby is p-styrene sulphonic acid and/or a salt thereof. 

The weight average molecular weight of the acrylic resin can vary over a wide range but is preferably within the 
range 10,000 to 10,000,000, and more preferably within the range 50,000 to 200,000. 

The acrylic resin preferably comprises at least 30% by weight of the layer and, more preferably, between 40% and 
95%, particularly between 60% and 90%, and especially between 70% and 85% by weight of the coating layer. The 

55 acrylic resin is generally water-insoluble. The coating composition including the water-insoluble acrylic resin may nev- 
ertheless be applied to the film substrate as an aqueous dispersion. A suitable surfactant may be included in the coating 
composition in order to aid the dispersion of the acrylic resin. 

If desired, the adherent layer coating composition may also contain a cross-linking agent which functions to cross- 
link the layer thereby improving adhesion to the substrate. Additionally, the cross-linking agent should preferably be 
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capable of internal cross-linking in order to provide protection against solvent penetration. Suitable cross-linking agents 
may comprise epoxy resins, alkyd resins, amine derivatives such as hexamethoxymethyl melamine, and/or condensa- 
tion products of an amine, eg melamine, diazine, urea, cyclic ethylene urea, cyclic propylene urea, thiourea, cyclic eth- 
ylene thiourea, alkyl melamines, aryl melamines, benzo guanamines, guanamines, alkyl guanamines and aryl 

5 guanamines, with an aldehyde, eg formaldehyde. A useful condensation product is that of melamine with formaldehyde. 
The condensation product may optionally be alkoxylated. The cross-linking agent may suitably be used in amounts in 
the range from 5% to 60%, preferably in the range from 10% to 40%, more preferably in the range from 15% to 30% by 
weight relative to the total weight of the adherent layer. A catalyst is also preferably employed to facilitate cross-linking 
action of the cross linking agent. Preferred catalysts for cross-linking melamine formaldehyde include para toluene sul- 

10 phonic acid, maleic acid stabilised by reaction with a base, morpholinium paratoluene sulphonate, and ammonium 
nitrate. 

The adherent layer coating composition may be applied before, during or after the stretching operation in the pro- 
duction of an oriented film. The adherent layer coating composition is preferably applied to the film substrate between 
the two stages (longitudinal and transverse) of a thermoplastics polyester film biaxial stretching operation. Such a 

15 sequence of stretching and coating is suitable for the production of an adherent layer coated linear polyester film, par- 
ticularly polyethylene terephthalate f ilm, substrate, which is preferably firstly stretched in the longitudinal direction over 
a series of rotating rollers, coated, and then stretched transversely in a stenter oven, preferably followed by heat setting. 

The adherent layer coating composition is preferably applied to the substrate by any suitable conventional tech- 
nique such as dip coating, bead coating, reverse roller coating or slot coating. 

20 The adherent layer is preferably applied to the substrate at a coat weight within the range 0.05 to 1 0 mg.dm" 2 , espe- 
cially 0.1 to 2.0 mg.dm" 2 . For films coated on both surfaces, each adherent layer preferably has a coat weight within the 
preferred range. 

Prior to deposition of the adherent layer onto the substrate, the exposed surface thereof may, if desired, be sub- 
jected to a chemical or physical surface-modifying treatment to improve the bond between that surface and the subse- 
25 quently applied adherent layer. A preferred treatment, because of its simplicity and effectiveness, is to subject the 
exposed surface of the substrate to a high voltage electrical stress accompanied by corona discharge. 

When TTP is effected directly onto the surface of an adherent layer coated substrate as hereinbefore described, 
the optical density of the developed image tends to be low and the quality of the resultant film is generally inferior. A 
receiving layer is therefore required on the remote surface of the adherent layer and desirably exhibits (1) a high recep- 
30 tivity to dye thermally transferred from a donor sheet, (2) resistance to surface deformation from contact with the ther- 
mal print-head to ensure the production of an acceptably glossy print, and (3) the ability to retain a stable image. 

A receiving layer satisfying the aforementioned criteria comprises a dye- receptive, synthetic thermoplastics poly- 
mer. The morphology of the receiving layer may be varied depending on the required characteristics. For example, the 
receiving polymer may be of an essentially amorphous nature to enhance optical density of the transferred image, 
35 essentially crystalline to reduce surface deformation, or partially amorphous/crystalline to provide an appropriate bal- 
ance of characteristics. 

The thickness of the receiving layer may vary over a wide range but generally will not exceed 50 juim. The dry thick- 
ness of the receiving layer governs, inter alia, the optical density of the resultant image developed in a particular receiv- 
ing polymer, and preferably is within a range of from 0.5 to 25 jim. In particular, it has been observed that by careful 
40 control of the receiving layer thickness to within a range of from 0.5 to 1 0 |um, in association with an opaque substrate 
layer of the kind herein described, a surprising and significant improvement in resistance to surface deformation is 
achieved, without significantly detracting from the optical density of the transferred image. 

A dye-receptive polymer for use in the receiving layer, and offering excellent adhesion to the adherent layer, suitably 
comprises a polyester resin, a polyvinyl chloride resin, or copolymers thereof such as a vinyl chloride/vinyl alcohol 
45 copolymer. 

A suitable copolyester resin derived from one or more dibasic aromatic carboxylic acids, such as terephthalic acid, 
isophthalic acid and hexahydroterephthalic acid, and one or more glycols, such as ethylene glycol, diethylene glycol, 
triethylene glycol and neopentyl glycol. Typical copolyesters which provide satisfactory dye-receptivity and deformation 
resistance are those of ethylene terephthalate and ethylene isophthalate, especially in the molar ratios of from 50 to 90 
so mole % ethylene terephthalate and correspondingly from 50 to 10 mole % ethylene isophthlate. Preferred copolyesters 
comprise from 65 to 85 mole % ethylene terephthalate and from 35 to 1 5 mole % ethylene isophthalate. 

Preferred commercially available amorphous polyesters include "Vitel PE200" (Goodyear) and "Vylon" polyester 
grades 103, 200 and 290 (Toyobo). Mixtures of different polyesters may be present in the receiving layer. 

Formation of a receiving layer on the receiver sheet may be effected by conventional techniques - for example, by 
55 casting the polymer onto a preformed adherent layer coated substrate, followed by drying at an elevated temperature. 
The drying temperature can be selected to develop the desired morphology of the receiving layer. Thus, by effecting 
drying at a temperature below the crystalline melting temperature of the receiving polymer and permitting or causing 
the composite to cool, the receiving polymer will remain essentially crystalline. However, by drying at a temperature 
greater than the crystalline melting temperature of the receiving polymer, the latter will be rendered essentially amor- 
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phous. Drying of a receiver sheet comprising a polyester substrate and a copolyester receiving layer is conveniently 
effected at a temperature within a range of from 1 75 to 200°C to yield a substantially crystalline receiving layer, or from 
200 to 250°C to yield an essentially amorphous receiving layer. 

If desired, a receiver sheet according to the invention may additionally comprise an antistatic layer. Such an anti- 

s static layer is conveniently provided on a surface of the substrate remote from the receiving layer. Although a conven- 
tional antistatic agent may be employed, a polymeric antistat is preferred. A particularly suitable polymeric antistat is 
that described in EP-0349152, the disclosure of which is incorporated herein by reference, the antistat comprising (a) 
a polychlorohydrin ether of an ethoxylated hydroxyamine and (b) a polyglycol diamine, the total alkali metal content of 
components (a) and (b) not exceeding 0.5% of the combined weight of (a) and (b). 

10 A receiver sheet in accordance with the invention may, if desired, comprise a release medium present either within 
the receiving layer or, preferably as a discrete layer on at least part of the exposed surface of the receiving layer remote 
from the substrate. 

The release medium, if employed, should be permeable to the dye transferred from the donor sheet, and comprises 
a release agent - for example, of the kind conventionally employed in TTP processes to enhance the release character- 
15 istics of a receiver sheet relative to a donor sheet. Suitable release agents include solid waxes, fluorinated polymers, 
silicone oils (preferably cured) such as epoxy- and/or amino-modified silicone oils, and especially organopolysiloxane 
resins. A particularly suitable release medium comprises a polyurethane resin comprising a poly dialkylsiloxane as 
described in EP-0349141, the disclosure of which is incorporated herein by reference. 

The invention is illustrated by reference to the accompanying drawings in which: 

20 

Figure 1 is a schematic elevation (not to scale) of a portion of a TTP receiver sheet (1) comprising a polymeric sup- 
porting substrate (2) having, on a first surface thereof, an acrylic adherent layer (3) having, on a remote surface 
thereof, a dye-receptive receiving layer (4). 

Figure 2 is a schematic, fragmentary elevation (not to scale) of a compatible TTP donor sheet (5) comprising a pol- 
25 ymeric substrate (6) having on one surface (the front surface) thereof a transfer layer (7) comprising a sublimable 
dye in a resin binder, and on a second surface (the rear surface) thereof a polymeric protective layer (8). 
Figure 3 is a schematic elevation of a TTP process, and 
Figure 4 is a schematic elevation of an imaged receiver sheet. 



30 Referring to the drawings, and in particular to Figure 3, a TTP process is effected by assembling a donor sheet and 
a receiver sheet with the respective transfer layer (7) and receiving layer (4) in contact. An electrically-activated ther- 
mally print-head (9) comprising a plurality of print elements (only one of which is shown (10)) is then placed in contact 
with the protective layer of the donor sheet. Energisation of the print-head causes selected individual print-elements 
(10) to become hot, thereby causing dye from the underlying region of the transfer layer to sublime into receiving layer 

35 (4) where it forms an image (11) of the heated element(s). The resultant imaged receiver sheet, separated from the 
donor sheet, is illustrated in Figure 4 of the drawings. 

By advancing the door sheet relative to the receiver sheet, and repeating the process, a multi-colour image of the 
desired form may be generated in the receiving layer. 

The invention is further illustrated by reference to the following Examples. 

40 

Example 1 



A polyethylene terephthalate substrate containing 1 2% by weight of polypropylene, based on the weight of the total 
amount of polymeric material in the substrate, and 2% by weight of titanium dioxide filler of average particle size of 0.18 
45 urn, based on the weight of the total amount of polymeric material in the substrate, was melt extruded, cast onto a 
cooled rotating drum and stretched in the direction of extrusion to approximately 3.5 times its original dimensions. The 
monoaxially oriented polyethylene terephthalate substrate film was coated on one side with an adherent layer coating 
composition comprising the following ingredients: 



50 



55 



Acrylic resin (46% w/w aqueous latex of methyl methacrylate/ethyl acrylate/methacrylamide : 46/46/8 
mole %, with 25% by weight methoxylated melamine-formaldehyde) 

Ammonium nitrate (10% w/w aqueous solution) 

Synperonic NDB (13.7% w/w aqueous solution of a nonyl phenol ethoxylate, supplied by ICI) 
Demineralised water 



163 ml 

12.5 ml 
30 ml 
to 2.5 litres 
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The adherent layer coated film was passed into a stenter oven, where the film was stretched in the sideways direc- 
tion to approximately 3.5 times its original dimensions. The adherent layer coated biaxially stretched film was heat set 
at a temperature of about 220°C by conventional means. A polyester receiving layer was coated directly on to the sur- 
face of the acrylic adherent layer to form the receiver sheet. Final film thickness was 1 75 jum. The dry coat weight of the 
5 adherent layer was approximately 0.4 mgdm" 2 and the thickness of the adherent layer was approximately 0.04 juim. 

The substrate of the receiver sheet exhibited a Deformation Index (Dl), measured as hereinbefore described, of 
8%. The substrate also had a Transmission Optical Density (TOD), measured as hereinbefore described, of 1 .0. 

The adhesion of the polyester receiving layer to the acrylic adherent layer was tested using a standard cross-hatch 
adhesion test and found to be excellent. 
10 The printing characteristics of the receiver sheet were assessed using a donor sheet comprising a biaxially ori- 
ented polyethylene terephthalate substrate of about 6 juim thickness having on one surface thereof a transfer layer of 
about 2 jum thickness comprising a magenta dye in a cellulosic resin binder. 

A sandwich comprising a sample of the donor and receiver sheets with the respective transfer and receiving layers 
in contact was placed on the rubber covered drum of a thermal transfer printing machine and contacted with a print 
15 head comprising a linear array of pixcels spaced apart at a linear density of 6/mm. On selectively heating the pixcels in 
accordance with a pattern information signal to a temperature of about 350°C (power supply 0.32 watt/pixcel) for a 
period of 10 milliseconds (ms), magenta dye was transferred from the transfer layer of the donor sheet to form a corre- 
sponding image of the heated pixcels in the receiving layer of the receiver sheet. 

After stripping the transfer sheet from the coated film, the band image on the latter was assessed visually, and a 
20 significant reduction in printing flaws (unprinted spots or areas of relatively low optical density) was observed in com- 
parison to a receiver sheet produced as described above, except that the polyethylene terephthalate substrate layer 
had a Dl of 3.0%, and contained 18% by weight of barium sulphate of average particle size 0.5 juim instead of polypro- 
pylene and titanium dioxide. 

25 Example 2 

This is a comparative example not according to the invention. The procedure of Example 1 was repeated except 
that the acrylic adherent layer was omitted. The adhesion of the polyester receiving layer to the polyethylene terephtha- 
late substrate was tested using the same standard cross-hatch adhesion test used in Example 1 , and found to be poor. 
30 The above examples illustrate the improved properties of a receiver sheet according to the present invention. 

Claims 

1. A thermal transfer printing receiver sheet for use in association with a compatible donor sheet, the receiver sheet 
35 comprising an opaque synthetic linear polyester supporting substrate having a deformation index, at a temperature 

of 200°C and under a pressure of 2 megaPascals, of at least 4.0%, the substrate having, on a surface thereof, an 
adherent layer comprising an acrylic resin and having a coat weight within the range from 0.05 to 10 mg.dm" 2 , the 
adherent layer having, on a surface thereof remote from the substrate, a dye- receptive receiving layer to receive a 
dye thermally transferred from the donor sheet. 

40 

2. A receiver sheet according to claim 1 wherein the acrylic resin comprises from 50 to 100 mole % of at least one 
monomer derived from an ester of acrylic acid and/or an ester of methacrylic acid, and/or derivatives thereof. 

3. A receiver sheet according to either one of claims 1 and 2 wherein the acrylic resin comprises an alkyl acrylate and 
45 an alkyl methacrylate. 

4. A receiver sheet according to any one of the preceding claims wherein the acrylic resin comprises a terpolymer of 
methyl methacrylate/ethyl acrylate/methacrylamide. 

so 5. A receiver sheet according to any one of the preceding claims wherein the substrate comprises a polymeric soften- 
ing agent. 

6. A receiver sheet according to claim 5 wherein the softening agent comprises an define polymer. 

55 7. A receiver sheet according to any one of the preceding claims wherein the substrate comprises a particulate inor- 
ganic filler. 

8. A receiver sheet according to any one of the preceding claims wherein the receiving layer comprises a polyester 
resin. 
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9. A method of producing a thermal transfer printing receiver sheet for use in association with a compatible donor 
sheet, which comprises forming an opaque synthetic linear polyester supporting substrate having a deformation 
index, at a temperature of 200°C and under a pressure of 2 megaPascals, of at least 4.0%, coating on a surface of 
the substrate, an adherent layer coating composition comprising an aqueous dispersion of an acrylic resin, and 

5 providing on a surface of the adherent layer remote from the substrate, a dye-receptive receiving layer to receive a 

dye thermally transferred from the donor sheet. 

10. A method according to claim 9 wherein the adherent layer coating composition is applied to the polyester substrate 
during any stretching operation employed. 

10 

Patentanspruche 

1. Empfangerblatt zum thermischen Transferdrucken zur Verwendung in Verbindung mit einem kompatiblen Donor- 
blatt, wobei das Empfangerblatt ein opakes synthetisches lineares Polyesterhaltesubstrat enthalt, das einen Defor- 

15 mationsindex, bei einer Temperatur von 200 °C und unter einem Druck von 2 Megapascal, von zumindest 4,0 % 
hat, wobei das Substrat auf einer Oberflache davon eine Haftschicht hat, die ein Acrylharz enthalt und ein 
Beschichtungsgewicht innerhalb des Bereichs von 0,05 bis 10 mg.dm" 2 hat, wobei die Haftschicht auf einer Ober- 
flache davon, entfernt vom Substrat, eine Farbstoff aufnahmefahige Schicht hat, urn einen Farbstoff aufzunehmen, 
der von einem Donorblatt thermisch transferiert wird. 

20 

2. Empfangerblatt nach Anspruch 1 , worin das Acrylharz von 50 bis 100 Mol% von zumindest einem Monomer ent- 
halt, das von einem Ester der Acrylsaure und/oder einem Ester der Methacrylsaure und/oder Derivaten davon 
abstammt. 

25 3. Empfangerblatt nach irgendeinem der Anspruche 1 und 2, worin das Acrylharz ein Alkylacrylat und ein Alkylme- 
thacrylat enthalt. 

4. Empfangerblatt nach einem der vorangehenden Anspruche, worin das Acrylharz ein Terpolymer des Methylme- 
thacrylat/Ethylacrylat/Methacrylamid enthalt. 

30 

5. Empfangerblatt nach einem der vorangehenden Anspruche, worin das Substrat einen polymeren Weichmacher 
enthalt. 

6. Empfangerblatt nach Anspruch 5, worin der Weichmacher ein olef inisches Polymer enthalt. 

35 

7. Empfangerblatt nach einem der vorangehenden Anspruche, worin das Substrat einen aus Partikeln bestehenden 
anorganischen Fullstoff enthalt. 

8. Empfangerblatt nach einem der vorangehenden Anspruche, worin die Empfangerschicht ein Polyesterharz enthalt. 

40 

9. Verfahren zur Herstellung eines Empfangerblattes zum thermischen Transferdrucken zur Verwendung in Verbin- 
dung mit einem kompatiblen Donorblatt, das die Bildung eines opaken synthetischen linearen Polyesterhaltesub- 
strats umfaBt, das einen Defbrmationsindex, bei einer Temperatur von 200 °C und unter einem Druck von 2 
Megapascal, von zumindest 4,0 % hat, wobei auf eine Oberflache des Substrats eine Haftschicht- Beschichtungzu- 

45 sammensetzung geschichtet wird, die eine waBrige Dispersion eines Acrylharzes enthalt und es stellt auf einer 
Oberflache der Haftschicht, entfernt vom Substrat, eine Farbstoff aufnahmefahige Empfangerschicht zur Verfu- 
gung, urn einen Farbstoff aufzunehmen, der von einem Donorblatt thermisch transferiert wird. 

10. Verfahren nach Anspruch 9, worin die Beschichtungzusammensetzung der Haftschicht auf ein Polyestersubstrat, 
so wahrend jeder verwendeten Streckoperation, aufgebracht wird. 

Revendications 

1. Feuille de reception pour llmpression par transfert thermique utilisable en association avec une feuille donneur 
55 compatible, la feuille de reception comprenant un substrat de support opaque de polyester lineaire synthetique 
ayant un indice de deformation d'au moins 4,0%, a une temperature de 200°C et sous une pression de 2 mega- 
Pascals, le substrat portant sur Tune de ses surfaces une couche adherente comprenant une resine acrylique et 
ayant un poids de revetement compris dans la gamme de 0,05 a 10 mg/dm 2 , la couche adherente portant sur une 
surface eloignee du substrat, une couche receptrice receptive a un colorant pour recevoir un colorant transfere 
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thermiquement en provenance de la feuille donneur. 

2. Feuille de reception suivant la revendication 1 , dans laquelle la resine acrylique comprend de 50 a 1 00% en moles 
d'au moins un monomere derive d'un ester d'acide acrylique et/ou d'un ester d'acide methacrylique, et/ou de leurs 

5 derives. 

3. Feuille de reception suivant les revendications 1 ou 2, dans laquelle la resine acrylique comprend un acrylate d'alk- 
yle et un methacrylate d'alkyle. 

10 4. Feuille de reception suivant Tune quelconque des revendications precedentes, dans laquelle la resine acrylique 
comprend un terpolymere de methacrylate de methyle, d'acrylate d'ethyle et de methacrylamide. 

5. Feuille de reception suivant Tune quelconque des revendications precedentes, dans laquelle le substrat comprend 
un agent plastif iant polymere. 

15 

6. Feuille de reception suivant la revendication 5, dans laquelle I'agent plastifiant comprend un polymere olefinique. 

7. Feuille de reception suivant Tune quelconque des revendications precedentes, dans laquelle le substrat comprend 
une charge inorganique particulaire. 

20 

8. Feuille de reception suivant Tune quelconque des revendications precedentes, dans laquelle la couche receptrice 
comprend une resine de polyester. 

9. Procede pour la production d'une feuille de reception pour I'impression par transfert thermique utilisable en asso- 
25 ciation avec une feuille donneur compatible, qui comprend la formation d'un substrat de support opaque de poly- 
ester lineaire synthetique ayant un indice de deformation d'au moins 4,0%, a une temperature de 200°C et sous 
une pression de 2 megaPascals, le depot sur une surface du substrat d'une composition d'enduction de couche 
adherente comprenant une dispersion aqueuse d'une resine acrylique, et la fourniture sur une surface de la cou- 
che adherente eloignee du substrat, d'une couche receptrice receptive a un colorant pour recevoir un colorant 

30 transfere thermiquement en provenance de la feuille donneur. 

10. Procede suivant la revendication 9, dans lequel la composition d'enduction de la couche adherente est appliquee 
sur le substrat de polyester pendant une quelconque operation d'etirage mise en oeuvre. 

35 
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